Closing the persistent racial and/or ethnic gap in care and outcomes of newborn infants has been a longtime policy priority. 1 Disparity in health care delivery has been defined as racial or ethnic differences in the quality of health care that are not because of access-related factors or clinical needs, preferences, and appropriateness of intervention. 2 Disparity in quality of care provided in the NICU setting may manifest in 2 ways. First, African American and Hispanic infants may be more likely to receive care in poor-quality NICUs. 3, 4 Second, in a given NICU, African American and Hispanic infants may receive inferior care. In previous work, we demonstrated NICU-level racial disparities in rates of antenatal steroid and human breast milk feeding at discharge from hospitals in California. 5, 6 However, a multidimensional assessment of differences in quality of care delivery does not exist. Composite indicators allow for multidimensional measurement of quality by combining 2 or more individual measures into a single score. 7 Their primary appeal is that they allow researchers to simplify and summarize otherwise complex issues and to provide global insights and trends about quality of care.
The goal of this populationbased study was to provide a multidimensional appraisal of racial and ethnic differences in the quality of NICU care delivery given to very low birth weight (VLBW; <1500 g) infants in California. For this purpose, we used the Baby-MONITOR composite indicator and its subcomponents. 8 The Baby-MONITOR aggregates 9 risk-adjusted measures (2 process measures, 6 morbidities, and mortality) that span the birth hospitalization. 9 -11 
MethODs

Overview
We performed a retrospective population-based analysis of clinical data obtained from the California Perinatal Quality Care Collaborative (CPQCC) data registry. 12 More than 90% of California NICUs are members of the CPQCC, covering more than 95% of all very low birth weight (VLBW) births in the state. We used CPQCC clinical data to compute a Baby-MONITOR score for each NICU. We then aggregated and compared race-and/or ethnicityspecific Baby-MONITOR scores across NICUs.
sample
This study included data recorded between January 1, 2010, and December 31, 2014. CPQCC assures high data quality through training of local personnel, range and logic checks, and auditing of records with excessive missing data. Data for infants transferred to other CPQCCmember NICUs are linked. We used multiyear analyses because of a small sample in some institutions. Figure 1 shows a flowchart of our patient sample. A detailed description of the patient-selection criteria has been published elsewhere. 9 In brief, our goal was to create a relatively homogenous and unbiased sample of VLBW infants for comparison across NICUs. To ensure that patient outcomes reflected the care of the NICU under observation, we excluded infants who died before 12 hours of life and those with severe congenital anomalies. We also restricted the analysis to infants born after 24 completed weeks of gestation to avoid systematic treatment bias at the threshold of viability. 13 analyses
Baby-MONITOR Scores
Derivation of Baby-MONITOR scores has been described elsewhere. 8 In brief, subcomponents of the composite are individually risk adjusted. Variables are aligned so that a higher value represents a better outcome. Measures are standardized by using the DraperGittoes method specifically developed for benchmarking and validity with small sample sizes. 16 With this method, a standardized observed minus expected z score is calculated. Each z score is then equally weighted and averaged to derive a Baby-MONITOR score for each NICU. Scores are expressed in standard units. The meaning of a 1-standardunit change is nonlinear across the distribution; for example, if a NICU raises its standardized score on a component of the Baby-MONITOR from 0 to +1, this NICU would move from the 50th percentile of the NICU distribution to the 84th percentile, whereas a move from +1 to +2 in standard units corresponds to going from the 84th percentile to the 98th percentile. Broadly speaking, an increase of 1 in standardized score is large in clinical terms for any NICU whose standardized score before the move was anywhere from −2 to +2.
Objective 1
The first objective was to calculate the variation in Baby-MONITOR and component scores and the effect of adjustment by race and/or ethnicity on NICU rankings. We computed risk-adjusted scores for the Baby-MONITOR and each of its subcomponents for each racial and/or ethnic group (standardized to the entire sample) and used analysis of variance to assess differences in quality scores. We also evaluated NICU performance with and without adjustment for race and/or ethnicity. Adjustment was done at the individual-measure level by following National Quality Forum recommendations. 17 The rationale for this approach is that quality measurement must adequately account for the social risk; without such adjustment, providers who serve high-risk populations would be treated unfairly. We tested whether NICU ranks differed significantly with adjustment for race and/or ethnicity and evaluated the contribution of each race and/or ethnicity to rankings.
Objective 2
The second objective was to measure the racial and/or ethnic disparity at the NICU level. For each NICU, we calculated Baby-MONITOR scores for white, African American, Hispanic, and Asian American infants separately and referenced scores for each subgroup against white infants. Each group's scores were standardized to the overall California population. With this approach, each NICU's performance is stratified by each racial and/or ethnic subgroup. Stratification allows performance to be displayed by subgroup without providing a quality assessment benefit to a hospital for serving highrisk populations.
Human Subjects Compliance
This study was approved by the Stanford Institutional Review Board. Fig 9) . In NICUs that provide poor overall quality of care, the disparity is small, or even inverted (white infants fare worse than African American infants). As quality scores rise, whites tend to perform better than African Americans. However, African Americans in high-performing NICUs often fare better than African Americans in low-performing NICUs. Figure 6 compares white and Hispanic infants. With some exceptions, white infants appear to fare better than Hispanic infants in most NICUs, irrespective of overall performance (r [Hispanic] = 0.89, P = < .001). In Fig 7, we compare white and Asian American infants and show similar results, although the correlation is not as strong. Even in low-performing NICUs, Asian American infants fare well and often better than white infants. In most NICUs, care for these 2 groups is quite similar (r [Asian American] = 0.69, P = < .001). In Fig 8, we show 40 NICUs with a minimum of 10 infants in each of the 4 racial and/or ethnic groups. Asian Americans and whites predominate in achieving the highest scores across the NICUs.
Results sample characteristics
DIscussIOn
The main findings from our study are (1) that large racial and/or ethnic differences in quality exist between and within NICUs, (2) that the quality deficit among disadvantaged populations is concentrated on modifiable measures of quality, and (3) that stratification rather than risk adjustment for racial and/ or ethnic background appeared more informative for performance assessments of NICUs.
Significant racial and/or ethnic differences in quality between and within NICUs are a troubling finding.
Reasons for worse quality scores for disadvantaged populations may arise from a variety of factors,
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FIGuRe 2
Baby-MoNIToR scores with and without adjustment for race and/or ethnicity. Baby-Monitor scores are expressed in SD units, unadjusted (o) and adjusted (x) for race and/or ethnicity. NICUs with more than 20 infants during the study periods are shown (120 NICUs). Adjustment for race and/or ethnicity has a minimal effect on NICU rankings (Pearson correlation = 0.995 [P < .0001]).
FIGuRe 3
Baby-MoNIToR subcomponent score by race and/or ethnicity. Each subcomponent is listed on the x-axis; standardized observed minus expected z scores are shown on the y-axis. Scores >0 indicate better than expected performance. Comparison of African American and white infants. HM, human milk. ** P < .05, * P < .1.
including biologic, social, and organizational considerations. Although it is tempting to attribute these results to social risk, we note that our sample includes NICUs that predominantly serve high-risk populations yet achieve excellent performance.
Although some variation is expected, the difference between highestand lowest-performing NICUs was extremely large overall (5.26 standard units). This heterogeneity is important because it suggests opportunities for improvement beyond preexisting social risk. Others have noted similar opportunities. Howell et al 4 showed that raising the level of quality at minority-serving hospitals may eliminate up to a third of the disparity between African Americans and whites. Morales et al 3 found significantly higher riskadjusted neonatal mortality rates at minority-serving hospitals for both white and African American infants. Others showed that fewer minority infants were born at hospitals that achieved Magnet status and that infants at non-Magnet hospitals had significantly higher rates of morbidity and mortality. 19 Another important finding of this article is that some of the disparity among disadvantaged populations is created by inferior performance among modifiable measures of process rather than outcome, suggesting a critical role for quality improvement efforts. Targeted, PEDIATRICS Volume 140, number 3, September 2017 7
FIGuRe 4
Baby-MoNIToR subcomponent score by race and/or ethnicity. Each subcomponent is listed on the x-axis; standardized observed minus expected z scores are shown on the y-axis. Comparison of Hispanic and white infants. CLD, chronic lung disease; DC, discharge; HAI, health care-associated infection; HM, human milk. ** P < .05, * P < .1.
FIGuRe 5
Baby-MoNIToR scores for each NICU by race and/or ethnicity. NICUs with at least 10 infants in each race are shown in the graphs. Race-and/or ethnicity-specific Baby-MoNIToR scores standardized against all infants are used (y-axis). The overall composite score (not race-and/or ethnicity-adjusted) is used on x-axis. The correlations with the overall Baby-MoNIToR score are as follows: white = 0.88; African American = 0.70; Hispanic = 0.89; Asian American = 0.69; all P < .0001. overall and white versus African American (n =53).
culturally competent care maybe highly effective in bridging the quality gap for these populations. This is particularly salient because efforts to reduce VLBW birth rates have mostly failed. 20 In contrast, through quality improvement efforts, hospitals have demonstrated the ability to decrease disparities: Lee showed that Hispanic mothers were less likely than white mothers to receive antenatal steroids, 4 but after a CPQCC collaborative project and efforts by individual NICUs, this difference disappeared. 21 The authors of another study showed substantially improved breast milk feeding rates among VLBW infants in an urban NICU. 22 Thus, we argue that the disparity in risk that infants of disadvantaged populations acquire during pregnancy should be regarded as a malleable risk to be addressed through robust individualized process engineering. The results of this study must be viewed in light of its design. Although the Baby-MONITOR was developed in a rigorous and explicit fashion and has been shown to be robust and suitable for researchers to use to discern overall quality of care among NICUs, 8 -11, 14, 23, 24 the measure is still in evolution and
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FIGuRe 6
Baby-MoNIToR scores for each NICU by race and/or ethnicity. NICUs with at least 10 infants in each race are shown in the graphs. Race-and/or ethnicity-specific Baby-MoNIToR scores standardized against all infants are used (y-axis). The overall composite score (not race-and/or ethnicity-adjusted) is used on x-axis. The correlations with the overall Baby-MoNIToR score are as follows: white = 0.88; African American = 0.70; Hispanic = 0.89; Asian American = 0.69; all P < .0001. overall and white versus Hispanic (n = 88).
FIGuRe 7
Baby-MoNIToR scores for each NICU by race and/or ethnicity. NICUs with at least 10 infants in each race are shown in the graphs. Race-and/or ethnicity-specific Baby-MoNIToR scores standardized against all infants are used (y-axis). The overall composite score (not race-and/or ethnicity-adjusted) is used on x-axis. The correlations with the overall Baby-MoNIToR score are as follows: white = 0.88; African American = 0.70; Hispanic = 0.89; Asian American = 0.69; all P < .0001. overall and white versus Asian American (n = 53).
requires additional validation. Furthermore, in this study, we relied on local abstractors to follow CPQCC standards in retrieving maternal race and/or ethnicity, and although the CPQCC conducts extensive data training, misclassification cannot be excluded. Other limitations include reliance on a single choice of maternal race and/or ethnicity, which excludes multiracial and/or ethnic births, and nonabstraction of paternal race and/or ethnicity, which may also influence infant outcomes. It is possible that these limitations may have biased our results, although the direction of the bias is unknown. In addition, there are many unmeasured factors (social, maternal, hospital, and infant) that may account for our findings. We are working to better understand these factors in more detail through linkage of state-based data sources. Moreover, in our multiyear study, we do not account for time trends. It is possible that with general improvements in patient care (51 of CPQCC NICUs participated in a collaborative to improve delivery room care), 25 disparities across the overall composite or subcomponents may have decreased. Finally, although we only examine NICUs from 1 state in this study, our study reflects population-based results across the nation's most populous state, which has broad racial and/or ethnic and geographic diversity.
cOnclusIOns
Wide racial and/or ethnic differences in quality of care delivery do exist between and within NICUs. Stratification, rather than risk adjustment for race and/or ethnicity appeared to reveal more informational content for performance assessment.
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